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(57) ABSTRACT

The disclosure relates to reporting measurements and 1n
particular to relaxed measurement reporting when the wire-
less device 1s using multiple radio links for the control plane.
The disclosure relates to methods of reporting measurement
and of controlling reporting of measurements, as well as to

devices and computer programs configured thereto. Accord-
ing to some aspects the disclosure relates to a method,

performed 1n a wireless device 1n a wireless communication
system, for reporting measurements. The method compris-
ing receiving S1, from a radio network node, information
defining at least one further measurement report setting for
measurement reporting 1n a control plane multi connectivity
mode; wherein the at least one further measurement report
setting corresponds to a more relaxed measurement report-

ing than a first measurement report setting for measurement
(Continued)

S

Receiving tnformation defining a first measurement report for measuremant
reporting in a control plane single connectivity made and at least one further
measurement report setiing for measurement reporting in a control plane mult
connectvity mods

___________________

| and receiving (S1b} infarmation defining rules defining when to apply |
: the further measurament report settings

uuuuuuuuuuuuuuuuuuu

SE

Selecting one of the measurement report setlings for use when reporting
measuraments based on a determination of whather the wireless device is in the
control plane multi connectivity mode; wherein the wireless device is in the
control plans multi connactivity maode when the wirgless device has multiple radio
links for control plane connaction
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reporting in a control plane single connectivity mode, which
1s available to the wireless device, selecting S2 one of the

first and further measurement report settings based on a
determination of a control plane connectivity mode of the
wireless device; wherein the wireless device 1s 1n the control
plane multi connectivity mode when the wireless device 1s
using multiple radio links for the control plane and reporting,
S4, to the radio network node, measurements 1n accordance
with the selected measurement report setting.
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and thereby configuring (S12a) the wireless device with the one or |
more further measurement report settings, for use when reporting {S3} |
measurements, based on the determination |

S13
Receiving measurements in accordance with the at least one further
measurement report settings
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RELAXED MEASUREMENT REPORTING
WITH CONTROL PLANE DUAL
CONNECTIVITY

TECHNICAL FIELD

The disclosure relates to reporting measurements and in
particular to relaxed measurement reporting when the wire-
less device 1s using multiple radio links for the control plane.
The disclosure relates to methods for reporting measure-
ments and for controlling reporting of measurements, as
well as to devices and computer programs configured
thereto.

BACKGROUND

3GPP Long Term Evolution, L'TE, 1s the fourth-generation
mobile communication technologies standard developed
within the 3rd Generation Partnership Project, 3GPP, to
improve the Universal Mobile Telecommunication System,
UMTS, standard to cope with future requirements 1n terms
of 1improved services such as higher data rates, improved

eiliciency, and lowered costs. The Evolved UTRAN,

E-UTRAN, 1s the radio access network of an LTE system. In
an E-UTRAN, a User Equipment, UE, 1s wirelessly con-
nected to a Radio Base Station, RBS, commonly referred to
as an evolved NodeB, or eNodeB. An RBS 1s a general term
for a radio network node capable of transmitting radio
signals to a UE and receiving signals transmaitted by a UE.

In 5@, 1.e. 5th generation mobile networks, there will be
evolvement of the current LTE system to 3G. One task for
5(G 1s to improve throughput and capacity compared to LTE.
This 1s achieved by increasing the sample rate and band-
width per carrier. 5G 1s also focusing on the use of higher
carrier frequencies 1.¢. above 5-10 GHz.

By carrier aggregation, CA, the LTE standard supports
cllicient use of multiple carriers, allowing data to be simul-
taneously sent and received over several different carrier
frequencies 1.e. frequency bands. There 1s also support for
cross-carrier scheduling avoiding the need that the UE listen
to all carner-scheduling channels all the time. The CA
solution relies on tight time synchromization between the
carriers.

To enable similar benefits as in carrier aggregation also
for cases where different base stations and/or antenna sites
are used with relaxed backhaul latency requirements, 3GPP
mitiated work labeled LTE dual connectivity. LTE dual
connectivity 1s a solution currently being standardized by
3GPP to support UEs connecting to multiple carriers to
send/receive data on multiple carriers corresponding to
different base stations and/or antenna sites, at the same time.

The Dual Connectivity solution standardized 1in Release
12 can enable additional possible features, such as Control
Plane Diversity (or RRC diversity).

The Radio Resource Control (RRC) protocol handles the
control plane signaling of layer 3 between the UEs and the
E-UTRAN. RRC includes e.g. functions for broadcast of
system information and mobility procedures e.g. handover.

There can only be one RRC connection open to a UE at
any one time. However, the messages of the connection may
anyhow be transmitted via different base stations on lower
layers. Therefore, mtroduction of RRC diversity has been
discussed within the LTE release 12 time frame. RRC
diversity 1s a technique to enable the communication of RRC
messages to a user equipment, UE, via anchor link and

booster link. The general idea for RRC diversity downlink

10

15

20

25

30

35

40

45

50

55

60

65

2

signaling 1s that control messages are signaled from both an
anchor eNodeB and a booster eNodeB.

Benefits from RRC Diversity have also been reported for
inter-frequency scenarios in LTE, mainly when one of the
frequency layers had coverage 1ssues. This inter-frequency
scenar1o can easily be extended for 5G Dual Connectivity,
where 1t 1s expected that one of the links will be on LTE and
another on the new 5G air interface, possibly operating 1n
much high frequencies (up to 10 Ghz, or 1n extreme cases 30
Ghz or 60 GHz). In that case, this higher frequency link 1s
sometimes expected to have spotty coverage due to chal-
lenging propagation conditions. Considering that for 5G,
reliability requirements will be tougher, some sort of RRC
Diversity 1s very likely to be considered.

However, the existing concepts for dual connectivity do
not fully exploit the potential benefits of dual connectivity
and 1n particular the potential benefits enabled by dual
connectivity for control signaling.

Hence, there 1s a need for solution further exploiting the
benelits of dual connectivity.

SUMMARY

The present disclosure presents a method performed in a
wireless device 1n a wireless communication system, for
reporting measurements. The method comprise receiving,
from a radio network node, information defining at least one
further measurement report setting for measurement report-
ing 1n a control plane multi connectivity mode; wherein the
at least one further measurement report setting corresponds
to a more relaxed measurement reporting than a first mea-
surement report setting for measurement reporting in a
control plane single connectivity mode, which 1s available to
the wireless device. The method further comprises selecting
one of the first and further measurement report settings
based on a determination of a control plane connectivity
mode of the wireless device, wherein the wireless device 1s
in the control plane multi connectivity mode when the
wireless device 1s using multiple radio links for the control
plane and reporting, to the radio network node, measure-
ments 1n accordance with the selected measurement report
setting.

Embodiments of the proposed solution better exploits the
potential benefits of dual connectivity, by relaxing the mea-
surement reporting when the wireless device uses dual
connectivity for the control signaling. By reducing the
number of measurement reports, energy can be saved 1n the
wireless device and radio resources may be more efliciently
utilized. In addition, interference, in particular inter-cell
interference, may be reduced and some unnecessary han-
dovers may be avoided.

According to some aspects, the selecting implies selecting
one of the at least one further measurement report settings 11
the difference between the latency of the radio links for the
control plane 1s above a threshold. The reason 1s that the gain
may be further reduced 1f the latency diflers a lot between
the two accesses used for dual connectivity. Thus, whenever
a new air interface for 3G, 1s available, this access should be
used for the user plane, if the throughput 1s to be optimized,
and (preferably fast) handover to LTE should be used
whenever the SG RAN access 1s lost.

According to some aspects, the selecting 1s based on at
least one further criterion. Hence, the measurement report-
ing may only be different or relaxed when other relevant
circumstances are also favorable.

According to some aspects, the mformation comprises
rules defining when to apply the first and further measure-
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ment report settings. Thus, the wireless device may also
receive miformation defining when to apply the settings.

According to some aspects, the disclosure relates to a
wireless device configured to receive, from a radio network
node, information defining at least one further measurement
report setting for measurement reporting i a control plane
multi connectivity mode; wherein the at least one further
measurement report setting corresponds to a more relaxed
measurement reporting than a first measurement report
setting for measurement reporting in a control plane single
connectivity mode, which 1s available to the wireless device,
to select one of the first and further measurement report
settings based on a determination of a control plane con-
nectivity mode of the wireless device; wherein the wireless
device 1s 1n the control plane multi connectivity mode when
the wireless device 1s using multiple radio links for the
control plane and to report, to the radio network node,
measurements 1n accordance with the selected measurement
report setting.

According to some aspects, the disclosure relates to a
method, performed 1n a radio network node, for controlling,
measurement reporting. The method comprises sending, to a
wireless device, information defining at least one further
measurement report setting for measurements 1n a control
plane multi connectivity mode. The at least one further
measurement report setting corresponds to a more relaxed
measurement reporting than a first measurements report
setting for measurement reporting 1n a control plane single
connectivity mode, which 1s available to the wireless device.

According to some aspects, the disclosure relates to
network node configured to send, to a wireless device,
information defining at least one further measurement report
setting for measurements 1 a control plane multi connec-
tivity mode. The at least one further measurement report
setting corresponds to more relaxed measurement reporting
than a first measurements report setting for measurement
reporting 1n a control plane single connectivity mode, which
1s available to the wireless device.

With the above description in mind, the object of the
present disclosure 1s to overcome at least some of the
disadvantages of known technology as described above and
below.

BRIEF DESCRIPTION OF TH.

(L]

DRAWINGS

FIG. 1a 1llustrates the LTE downlink physical resource
configuration.

FI1G. 15 1llustrates the LTE time-domain structure.

FIG. 2a illustrates radio protocol architecture for Dual
Connectivity

FI1G. 25 illustrates control plane connectivity of eNodeBs
involved i dual connectivity.

FIG. 3a illustrates user plane connectivity of eNodeBs
involved 1n dual connectivity.

FIG. 3b illustrates the basic 1dea of RRC Diversity.

FIG. 3¢ 1llustrates the handover region between macro
and pico cell where RRC diversity can be applied.

FIG. 4a shows handover failure rate and throughput.

FI1G. 45 1llustrates intra-frequency handover between pico
cells assisted by macro cell on separate frequency.

FIG. 5a shows the protocol architecture for Release 12
dual connectivity, but with added support for SRB diversity.

FIG. 5b shows the protocol architecture for the split
bearer like implementation of RRC diversity.

FIG. 53¢ shows the protocol architecture for the fallback
connection with two independent connections and inter-
eNodeB signaling over X2.
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FIG. 6 illustrates intra-node beam mobility.
FIG. 7 illustrates inter-node beam mobility.

FIG. 8 1s a flowchart 1llustrating embodiments of method
steps executed 1n a wireless device according to some
aspects of the disclosure.

FIG. 9 1s a flowchart 1llustrating embodiments of method
steps executed 1n a network node according to one aspect of
the disclosure.

FIG. 10a 1s a block diagram a wireless device according,
to some exemplary embodiments.

FIG. 105 1s a block diagram of a network node according,
to some exemplary embodiments.

DETAILED DESCRIPTION

One of the drawbacks associated with dual connectivity 1s
the increased amount of measurements that a wireless
device, in LTE referred to as a UE, has to perform since there
can be multiple radio links to be monitored and the wireless
device needs to perform the measurements for each radio
link.

In a 5G implementation, the increased amount of inter-
frequency measurements the UE has to perform will also be
an 1ssue when the dual connectivity involves access nodes of
different Radio Access Technology, RATs.

Furthermore, a new mobility paradigm for 5SG based on
beam switching with RRC Diversity will not only generate
an 1ncreased amount of inter- and intra-ifrequency measure-
ments the UE has to perform per beam, but there 1s also a
risk of unnecessary mobility reference signal activations, 1.¢.
reference signals that are not needed for measurements,
being triggered, which creates unnecessary signaling over an
inter-node 1nterface and unnecessary interference and
energy consumption in the unnecessarily activated beams.

This disclosure proposes to leverage fast user plane
re-establishment enabled by control plane dual connectivity,
in particular for the RRC layer to save UE energy and radio
resources and reduce interference by introducing different
measurement report settings for a UE, resulting in fewer
measurement reports (and potentially fewer measurements).

In this disclosure the terminology user plane and control
plane 1s used throughout. A plane, 1n a networking context,
1s one of three integral components of a telecommunications
architecture. The data plane, the control plane and the
management plane can be thought of as different areas of
operations. Each plane carries a diflerent type of traflic. The
data plane (sometimes known as the user plane, forwarding
plane, carrier plane or bearer plane) carries the network user
traflic. The control plane carries signaling trafhic.

For example, when entering dual connectivity mode for
the RRC connection for a UE, the base station maintaining
the RRC context (e.g. an eNodeB) reconfigures the mea-
surement reporting for the UE, so that a more relaxed
measurement reporting 1s achieved. Such a relaxed configu-
ration may e.g. impact configuration aspects such as thresh-
olds for report triggering, time to trigger (1'1T), report
frequency and selected measurement objects. Optionally, the
relaxed measurement report configuration may also be sub-
ject to other potentially relevant circumstances, such as UE
closeness to cell borders, historical patterns of radio link
failures, movement speed of the UE and vanability of
reported measurement values.

Hence, the proposed solution addresses the area of han-
dover and 1n particular the measurement reports sent by the
UE to provide the network (typically base stations) with the
radio signal strength/quality information that 1t needs to
determine whether to i1mitiate a handover of the UE to
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another cell or access node. Such measurement reporting 1s,
as many features 1n a cellular network, designed based on a
trade-ofl between advantages and disadvantages. The advan-
tages of measurement reporting and in particular frequent
such reports, include that the base station serving the UE and
receiving the reports can accurately track the signal strength/
quality perceived by the UE, which enables the base station
to, with a high probability, perform a handover of the UE
betore the radio channel quality deteriorates so much that
the UE loses the connection and/or fails to execute a
necessary handover. Seriously taking into account the some-
times rather fast changing quality of the radio channel and
the significant consequences of handover failure (1n terms of
lost connection and poor user experience), the measure-
ments are performed rather frequently and the conditions for
measurement reporting are often generous, resulting in rela-
tively frequent measurements and reporting. The disadvan-
tages are that this taps the energy reserves of the UE,
occupies transmission resources, increases interference and
prevents the UE from optimal utilization of its time and
resources, especially so in inter-frequency and inter-RAT
scenarios where measurement gaps are needed.

A brief mtroduction to the LTE radio interface will now
be given as background information.
LTE Radio Interface

LTE uses Orthogonal Frequency Division Multiplexing,
OFDM, 1n the downlink and DFT-spread OFDM (a.k.a.
SC-FDMA) 1n the uplink. The basic LTE downlink physical

resource can thus be seen as a time-frequency grid as
illustrated 1n FIG. 1la, where each resource element 11
corresponds to one OFDM subcarrier 12 during one OFDM
symbol interval 13. Furthermore, the resource allocation 1n
LTE 1s typically described in terms of resource blocks, RB,
where a resource block corresponds to one slot (0.5 ms) in
the time domain and 12 contiguous subcarriers in the
frequency domain. A pair of two adjacent resource blocks 1n
time direction (1.0 ms) 1s known as a resource block parr.
Resource blocks are numbered in the frequency domain,
starting with O from one end of the system bandwidth.
The notion of virtual resource blocks, VRB, and physical

resource blocks, PRB, has been introduced in LTE. The
actual resource allocation to a UE 1s made 1n terms of VRB
pairs. There are two types of resource allocations, localized
and distributed. In the localized resource allocation, a VRB
pair 1s directly mapped to a PRB pair, hence two consecutive
and localized VRB are also placed as consecutive PRBs 1n
the frequency domain. On the other hand, the distributed
VRBs are not mapped to consecutive PRBs in the frequency
domain thereby providing frequency diversity for data chan-
nel transmitted using these distributed VRBs.

In LTE, downlink transmissions are dynamically sched-
uled, 1.e. 1n each subframe 13 an eNodeB transmits control
information about to which terminals data 1s transmitted and
upon which resource blocks the data 1s transmitted, in the
current downlink subframe. Control signaling 15 1n LTE 1s
illustrated 1n FIG. 15.

This control signaling 15 1s typically transmitted in the
first 1, 2, 3 or 4 OFDM symbols in each subirame and the
number n=1, 2, 3 or 4 1s known as the Control Format
Indicator, CFI. The downlink subiframe also contains com-
mon reference symbols (CRS) 16, which are known to the
receiver and used for coherent demodulation of e.g. the
control information. In FIG. 15, CFI=3 OFDM symbols.

An overview of the dual connectivity concept will now be
given.
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Dual Connectivity

Dual Connectivity 1s operation where a given wireless
device consumes radio resources provided by two different
network points (Master and Secondary eNodeBs) connected
with non-1deal backhaul while in RRC CONNECTED. L.TE
Release 12 supports dual connectivity for the user plane but
not for the control plane.

In E-UTRAN dual connectivity operation a UE 1n RRC_
CONNECTED 1s configured to utilize radio resources pro-
vided by two distinct schedulers, located 1 two difl

erent
eNodeBs connected via a non-ideal backhaul over the X2
interface. eNodeBs involved in dual connectivity for a
certain UE may assume two different roles a Master eNo-
deB, MeNB, or a Secondary eNodeB, SeNB. In dual con-
nectivity the UE 1s connected to one MeNB and one SeNB.

The group of the serving cells associated with the MeNB
1s referred to as the Master Cell Group. The Master eNodeB
1s the eNodeB which termuinates at least the so called
S1-MME interface and therefore acts as mobility anchor
towards the Core Network. The group of the serving cells
associated with the SeNB 1s referred to as the Secondary
Cell Group, SCG.

In dual connectivity, the radio protocol architecture that a
particular bearer uses depends on how the bearer 1s setup.
Three alternatives exist, MCG bearer, SCG bearer and split
bearer. The bearer variants will be further described 1n FIG.
3a.

FIG. 2a shows a radio user plane protocol architecture
that enables all three alternatives. In LTE Signaling Radio
Bearers, SRB, are used for the transter of Radio Resource
blocks, RRC, and Non Access Stratum, NAS, signaling
messages, or i other words the control plane signaling. In
Release 12 the Signaling Radio Bearer, SRBs, are always of
the MCG bearer and therefore only use the radio resources
provided by the MeNB. Note that dual connectivity can also
be described as having at least one bearer configured to use
radio resources provided by the SeNB.

Inter-eNodeB control plane signaling for dual connectiv-
ity 1s performed by means of X2 interface signaling. Control
plane signaling towards the MME 1s performed by means of
S1 interface signaling. There 1s only one S1-MME connec-
tion per UE between the MeNB and the MME. Each
e¢NodeB should be able to handle UEs independently, 1.e.
provide the Primary Cell to some UEs while providing
Secondary Cell(s) for SCG to others. Each eNodeB involved
in dual connectivity for a certain UE owns its radio resources
and 1s primarily responsible for allocating radio resources of
its cells. Any required coordination between MeNB and
SeNB 1s performed by means of X2 interface signaling.

FIG. 2b shows C-plane (control plane) connectivity of

eNodeBs involved 1n dual connectivity for a certain UE. The
MeNB 1s C-plane connected to the MME via S1-MME, the

MeNB and the SeNB are interconnected via X2-C.

FIG. 3a shows U-plane (user plane) connectivity of
cNodeBs ivolved in dual connectivity for a certain UE (not
shown). The U-plane connectivity depends on the bearer
option configured as follows:

For MCG bearers, the MeNB 1s U-plane connected to the
S-GW wvia S1-U, the SeNB 1s not involved i1n the
transport of user plane data.

For split bearers, the MeNB 1s U-plane connected to the

S-GW wvia S1-U and i1n addition, the MeNB and the
SeNB are interconnected via X2-U.
For SCG bearers, the SeNB 1s directly connected with the
S-GW via S1-U.
Hence, the dual connectivity of LTE Release 12, e.g. as
described 1n 3GPP TS 36.300 version 12.3.0 Release 12,
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makes 1t possible to send/recerve data over all LTE carriers,
without requiring tight time synchronization as i Carrier
Aggregation. This 1s enabled because the UE will listen to all
scheduling channels on all carriers.

A control plane dual connectivity concept has been pro-
posed for LTE Release 13. Improved mobility robustness
was 1nitially seen as a major driver for dual connectivity for
intra-frequency deployments, therefore an RRC diversity
concept was developed. The 1dea 1s to support RRC signal-

ing communication via both the MeNB and the SeNB link,
with the UE as illustrated in FIG. 3.

During the study item phase, the focus has been on
deployments where the UE having a dual connectivity
would have a link with a macro cell and another with a small
cell (Heterogeneous deployment). In addition to this, two
scenarios have been evaluated, firstly intra-frequency and
secondly 1inter-frequency. Assuming the heterogeneous
deployments described earlier, RRC diversity provided
major gains only in the first scenario. Since the same
frequency scenario was not prioritized in dual connectivity
for Release 12 (3GPP TS 36.300 version 12.3.0 Release 12),
RRC diversity was not included 1n the Release 12 version of
dual connectivity, and thus 1t remains a candidate for
Release 13, both benefiting the itra-frequency scenario as
well as the inter-frequency scenario.

Mobility robustness can be improved by applying RRC
diversity to handover related signaling such as UE measure-
ment reports and RRC-reconfiguration requests (“handover
commands™). Preceding a handover situation, the UE can be
ordered to enter (and later leave) the RRC diversity-state
based on radio measurements, and then by connection
reconiiguration. Since the UE 1s able to recerve RRC mes-
sages via two links during the diversity mode, a radio link
monitoring (RLM) scheme could be envisaged where the
UE only triggers radio link failure (RLF) if both links fail.
This way, out-of-sync consequences of a single link failure
could be avoided.

Overall, the following advantages can be achieved with
control plane dual connectivity.

By using downlink diversity the Physical Downlink Con-
trol Channel used for Uplink grant, Downlink assignment
and the Physical Downlink Shared Channel, PDSCH, {for
Handover command may be sent over either links, which
implies a more robust system.

By using Uplink diversity dual links may also be available
for Scheduling requests and Measurement reports.

A Turther advantage 1s so called Radio Link Failure (RLF)
protection, while the UE could declare RLF only 11 both
links are out of sync, since 1t maintains a radio link towards
cach of the eNodeBs.

As RRC diversity 1s implemented on a higher layer, it 1s
able to address multiple potential mobility or handover
failure 1ssues at the same time, and thus i1t can be considered
as a feature to help operators in lowering their effort 1n
tuning their network to improve mobility robustness.

Benefits for mobility robustness have been shown only for
the first scenario, 1.e. the intra-frequency scenario, which led
to a down-prioritization of this feature for the dual connec-
tivity work 1 Release 12, which focused on the second
scenario, 1.¢. the mter-frequency scenario.

In the first scenario, as illustrated in FIG. 4a, RRC
diversity enables more aggressive handover parameter set-
tings lowering the ping-pong rate or improving offloading to
small cells by utilization of higher cell range expansion
(CRE), while keeping the handover failure rate within
reasonable bounds, as shown 1n FIG. 4a.
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In the second scenario, it has been shown that 1 macro
coverage cannot be guaranteed at all times, RRC diversity
becomes beneficial, e.g. to additionally assist a pico-to-pico
handover or a handover from the pico frequency layer to the
macro cell. This 1s illustrated m FIG. 4b. As 1t will be
explained later, this scenario 1s very relevant for 5G deploy-
ments, where dual connectivity may rely on a LTE link and
a high frequency link associated with the new 3G air
interface that might be more unstable due to the operation 1n
very high frequencies.

Dual Connectivity and Small Cell Deployment

Another important area where inter-frequency RRC diver-
sity might be applied 1s outdoor-indoor scenarios where a
Macro MeNB provides large-scale outdoor coverage and
Pico SeNB nodes are deployed indoor. With RRC diversity
mobility robustness could be improved between the indoor
Pico cells when Macro coverage 1s available.

In dense small cell deployments, the macro coverage layer
may become overloaded if 1t 1s required to handle RRC
signaling of all small cell users all the time (like envisaged
in a user plane/control plane split implementation). There 1t
may be beneficial to activate RRC diversity for pico users
only temporarily. In this case the macro would become the
SeNB.

This motivates making RRC diversity also available for
the inter-frequency deployment scenario, for which Release
12 dual connectivity had been standardized.

Realization of RRC Diversity

For E-UTRAN, RRC diversity means that the RRC mes-

sages (SRBs signaling) are transmitted via two cells/eNo-

deBs to improve SRB transmission robustness (possibly 1n
both uplink and downlink). This applies only to SRB1 and
SRB2 (Dedicated Control Channel) signaling since RRC

diversity operation will only be applicable in RRC con-
nected mode.

The activation of RRC diversity operation could be based
on the measurement report of some existing measurement
events when the UE 1s seen to move close to the cell border.
Another scenario to trigger RRC diversity could be depend-
ing on the cell load. That 1s, when the current serving cell
becomes highly loaded while there are neighboring cells
with very low load, then 1t 1s beneficial to enable the SRB
transmissions via two cells to reduce signaling transmission
failure rates.

Three alternatives have been studied for how to realize the
support of RRC diversity. The first alternative 1s an exten-
sion of Release 12 dual connectivity. FIG. 5a illustrates this
alternative.

This alternative intends to introduce similar functionality
as for Release 12 dual connectivity architecture (1.e. sup-
porting 3 component carriers) for Data Radio Bearer, DRB,
split bearer 1n order to support Signaling Radio Bearer, SRB,
diversity.

In this alternative DL SRB transmission diversity reuses
the same principle as for DRB split bearer. UL RB bearer
split 1s not supported 1n Release 12 dual connectivity. Thus,
UL SRB diversity functionality needs to be introduced.

Both the Radio Resource Control, RRC, and the Packet
Data Convergence Protocol, PDCP, are anchored in the
MeNB. So 1n the DL the MeNB creates two PDCP copies of
the same RRC message that was generated by MeNB and
forwards them to the RLC entities of the two eNodeBs (via
X2-U to SeNB). The UE 1s configured by the MeNB with
two RLC entities for SRB receptions. It will be up to the
MeNB to decide to which eNodeB, possibly both, the DL
PDCP Protocol Data Units (PDUs) are submitted. The UE
PDCP entity needs to support duplicate detection/discard.
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For the UL the UE creates one or two copies, based on the
MeNB configuration, of the PDCP PDU of the same UL
RRC message and submits to the corresponding UL RLC

entities. The SeNB needs to support and be configured by the
MeNB to receive UL SRB transmissions. Then the SeNB

torwards the received RLC SDUs to PDCP located 1n the
MeNB, which needs to support duplicate detection/discard.

The second alternative 1s also a split bearer like SRB
transmission diversity, wherein the control plane 1s split on
up to 3 bearers, which 1s the number of component carriers
supported 1n LTE Release 12. This alternative 1s the same
when 1t comes to handling SRB, but 1s different from the first
alternative, because 1t does not support full dual connectivity
from the data plane. FIG. 55 illustrates this alternative.

Hence, from implementation point of view, the network
may decide to support the SRB transmission diversity with-
out the complete split bearer implementation for DRBs. In
this case, a stmplified dual-connection with basic setup and
configuration of secondary cell/eNodeB would be possible.

In this alternative, the secondary cell/eNodeB only sup-
ports the necessary Radio Link Control/Media Access Con-
trol/Physical Layer (RLC/MAC/PHY ) configuration. No UE
capability exchange and configuration negotiation needed
between primary cell/eNodeB and secondary cell/eNodeB.
The UE complexity to support SRB transmission diversity,
compared with alternative 1, could also be reduced corre-
spondingly. The procedures for SRB diversity operation are
otherwise similar to the first alternative.

The third alternative 1s a fallback connection for mobility
robustness. FIG. 5c¢ illustrates this alternative.

A more flexible way to support SRB transmission diver-
sity 1s to set up two independent connections with two
cells/eNodeBs as shown 1n the figure below. RRC connec-
tions could be managed separately by each cell/eNodeB. But
some coordination w.r.t measurement configuration/report-
ing and handover signaling may be needed to avoid con-
flicts. The UE keeps connections with two cells/eNodeBs
until the associated eNodeB releases the connection or
eventually the UE has moved to another cell and the target
cell after handover decides to release the secondary connec-
tion.

Beamforming and 5G Mobility Concepts

Massive Beam forming 1s among the key features of the
new 5 air interface.

One of the main differences of the concept, compared to
the LTE design, 1s that the reference signals, called therein
Mobility Reference Symbols (MRS), are only transmitted
from the neighbor beam candidates on demand. In other
words, the target node having the current active beam
detects potential link quality degradation with 1ts beam(s)
and, upon this detection, needs to activate the transmission
of UE-specific MRSs.

The radio link (RL) degradation detection event 1s also
defined based on a threshold per quality measurement such
as Channel State Information (CSI), Reference Signal
Received Power (RSRP), Signal to Noise and Interference
Ratio (SINR) estimation, so that when the reported mea-
surements (or estimations, when assuming reciprocity in a
Time Division Duplex (TDD) mode) are below the threshold
the MRS transmission needs to be activated in certain
candidate beams for that UE. If the candidate beams are
within the same node, no interface information 1s needed.
This 1s referred to as intra-node Beam Mobility. FIG. 6 show
the signaling sequences for the intra-node mobility case.

However, 11 the beam to be activated belongs to another
node, this 1s activated over some inter-node interface, such
as X2 Application Protocol (X2AP) signaling.
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One of the main purposes of this on-demand MRS acti-
vation 1s energy efliciency and interference reductions, both
part of what 1s also called a lean design.

FIG. 7 shows the signaling sequences for inter-node
mobility. Notice that 1n the inter-node mobility additional
signaling over the mter-node interface 1s required.
Integration Between LTE and the New 3G Air Interface

A tight integration between the new 5G air interface
(maybe 1ts variants, 1f multiple) and LTE evolution 1s
envisioned for the 3G Radio Access Network (5G RAN)
architecture, enabling the potential for Dual Connectivity
which could be seen as an extension of the Dual Connec-
tivity feature to multiple air interfaces (or variants). Multi-
connectivity becomes more important in this scenario since
the new air interface may operate 1n high frequencies where
coverage 1s spottier due to challenging propagation condi-
tions.

The dual connectivity concept for LTE/5G RAN, may at
least be expanded in two important ways. Firstly, dual
connectivity between access nodes of diflerent Radio Access
Technologies, RATs 1s enabled. This concerns in particular
a combination ol access nodes using LTE and 5G RAN
respectively, where 5G RAN uses a RAT which 1s different
from LTE, but designed for tight integration/cooperation
with LTE access nodes and networks. In addition, 3G RAN
will assumedly (at least imitially) be designed for and
deployed 1n higher frequency bands than LTE.

Secondly, dual connectivity, also in terms of split bearer,
1s enabled not only for the user plane but also for higher
layer signaling, such as RRC signaling. This has been
considered for LTE too, but there has, at least so far, not been
enough traction around this topic to progress it.

However, with the assumedly great difference in offered
data rates between LTE and 5G RAN, sending user plane
data through both accesses would add little throughput
compared to just sending through 5G RAN. The gain may be
turther reduced 11 also the latency differs a lot between the
two accesses. Thus, whenever 5G RAN 1s available, this
access should be used for the user plane, 1f the throughput
1s to be optimized, and (preferably fast) handover to LTE
should be used whenever the 5G RAN access 1s lost.

Notably, research about interworking between L'TE and
535G RAN concludes that 1n the LTE-5G RAN case there 1s
much less to benefit from dual connectivity (maybe in
particular the split bearer approach) for the user plane than
for the control plane. The reason is that, the control plane,
¢.g. the RRC signaling, can benefit from increased robust-
ness/resilience. This 1s less important for the user plane,
where 1ncreased throughput would be the main dniver for
most applications and scenarios.

Relaxed Measurement Reporting,

As discussed above, dual connectivity for control signal-
ing, 1n particular RRC signaling, provides a more robust or
more resilient signaling connection. The same robustness/
resilience may be provided also in the inter-RAT (LTE/5G
RAN) scenario of dual connectivity for LTE, 11 dual con-
nectivity in LTE 1s expanded to include control signaling,
¢.g. RRC connections.

Hence, using dual connectivity for the RRC connection
makes 1t more robust/resilient to loss of connection 1n one of
the mvolved cells or to one of the involved access nodes.
Since the user plane connection would typically not be 1n
dual connectivity mode, the user plane would however still
be sensitive to loss of connection. However, the robust/
resilient RRC connection, which remains even when the
user plane connection 1s lost, can be used to quickly re-

establish the user plane connection 1n the other of the
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involved cells or access nodes. This may be achieved e.g.
through an RRCConnectionReconfiguration message or a
similar message, potentially triggered by an RRCMeasure-
mentReport or some other indication from the UE. Thus, a
single RRC message exchange (e.g. RRCConnectionRecon-
figuration-RRCConnectionReconfigurationComplete) 1S
enough to re-establish the user plane connection and this
makes 1t swilt enough to make the iterruption negligible. In
the proposed solution we leverage this fast re-establishment
mechanism to allow increasing the risk for connection loss
¢.g. 1n conjunction with handover, and read benefits thereof
in terms of decreased UE energy consumption, better
resource utilization and reduced interference.

This disclosure proposes that when entering dual connec-
tivity mode for the RRC connection for a UE, the base
station maintaining the RRC context (e.g. an eNodeB)
reconfigures the measurement reporting for the UE, so that
a more relaxed measurement reporting i1s achieved.

The proposed methods of measurement reporting will
now be described, referring to FIG. 8. FIG. 8 discloses a
method, performed 1n a wireless device 1n a wireless com-
munication system, for reporting measurements. One pos-
sible scenario 1s that the method 1s performed 1n a wireless
device 10 located at the cell border, as shown 1n 354. Hence,
the wireless device 10 1s then served by one eNodeB 20a.
The wireless device 1s 1 dual connectivity with eNodeB
205. Hence, the wireless device 10 has two radio links for
the control plane as discussed above, one to each of the
eNodeBs 20a, 205.

The proposed technique 1s relevant 1n the context of dual
connectivity or multi-connectivity. However, for simplicity,
the solution 1s described only in terms of dual connectivity,
but the same solution can be applied also in the multi-
connectivity case.

Furthermore, the proposed technique 1s mainly described
referring to one scenario e.g. 5G, with tight integration
between LTE and 5G RAN, which assumedly 1s an inter-
frequency scenario (although intra-ifrequency deployment
scenarios cannot be completely ruled out). However, it
should be noted that the invention 1s applicable to other
scenarios too, such as RRC diversity in LTE, which may
include both inter- and ntra-frequency scenarios.

The proposed method comprises the step of receiving, S1,
from a radio network node, information defining at least one
turther measurement report setting for measurement report-
ing 1 a control plane multi connectivity mode. The mea-
surement report setting may be received with the regular
measurement report configuration means, in LTE e.g. using
an RRCConnectionReconfiguration message. The measure-
ments, to which the measurements report setting apply,
indicate e.g. signal level and/or quality and are used e.g. for
cell or beam selection at hand over.

The at least one further measurement report setting cor-
responds to a more relaxed measurement reporting than a
first measurement report setting, which 1s available to the
wireless device. The settings may be vaned in different
ways. For instance a signal strength/quality threshold that
triggers a measurement report may be diflerent or the time
to trigger (1TT1) that stipulates how long the threshold
trigger condition must remain until the UE actually sends a
measurement report (1.e. 1f the threshold trigger condition 1s
no longer valid when the TT'T expires the UE does not send
any measurement report). Alternatively the number of mea-
surement objects to be reported may differ. If a UE 1s
configured to send periodic measurement reports, the mea-
surement report period can be different. Furthermore, 1n an
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inter-frequency and/or mter-RAT case discussed above, the
base station can configure less frequent measurement gaps.

More relaxed implies requiring “less eflort” e.g. in terms
of less time, less power consumption, less radio resources or
less hardware resources. In other words, by varying param-
cters such as “thresholds for report triggering” and “time to
trigger a measurement report” and “what to measure on”, the
measurements and reporting thereol may require less
resources e€.g. 1 terms ol power or hardware.

One core essence of the solution 1s to leverage the fast
user plane reestablishment enabled by control plane dual
connectivity, i particular for the RRC layer to save UE
energy and radio resources and reduce interference through
relaxed measurement report configuration for a UE for
which the RRC connection 1s 1n dual connectivity mode,
optionally on condition that selected other relevant circum-
stances are also favorable.

In a next step the wireless device 10 1s selecting S2 one
of the first and further measurement report settings based on
a determination of a control plane connectivity mode of the
wireless device; wherein the wireless device 1s 1n the control
plane mult1 connectivity mode when the wireless device 1s
using multiple radio links for the control plane. Stated
differently, the wireless device detects that the UE has
several radio links for the control plane connection. The
wireless device then typically evaluates whether more
relaxed measurement reporting may be feasible. The control
plane signaling uses e.g. Radio Resource Control (RRC)
protocol.

According to some aspects the selecting S2 1s based on at
least one further criterion. Or 1n other words, the relaxed
measurement report configuration may of course also be
subject to other circumstances.

For instance, 11 measurement reports indicate that the UE
1s approaching a cell border, the base station may (although
not necessarily) choose to reconfigure the UE with a less
relaxed configuration. Hence, according to some aspects, the
further criterion comprises at least one of the following
parameters: a distance to cell border, speed, timing advance,
transmission power, geographical location and Radio Access
Technology.

Another circumstance that may motivate changing back to
less relaxed measurement report configuration (or avoid the
relaxed measurement report configuration in the first place)
could be that the UE 1s located in an area, in which
historically many radio link failures have occurred. Yet other
circumstances that may be relevant include the speed with
which the UE 1s moving (which may be estimated from e.g.
Doppler shift measurements, timing advance (e.g. time of
arrival) measurements and/or angle of arrival measure-
ments), timing advance, UE transmission power, UE power
headroom, or how fast or widely reported measurements

vary. High speed or fast or widely varying reported mea-
surement values may be basis for the base station to avoid
relaxed measurement report configuration for the UE.
Thus, the selecting S2 may be done 1n different ways. For
example the selecting S2 implies selecting one of the at least
one further measurement report settings 1f the difference
between the latency of the radio links for the control plane
1s above a threshold. The benefits of relaxed measurement
reporting configuration may depend on the connectivity
scenar1o. Assume a scenario where a UE 1s 1n control plane
dual connectivity mode in LTE and 3G RAN but single
connectivity for the user plane. Considering whether to

configure the UE with relaxed measurement reporting con-
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figuration (to provide input to user plane handover deci-
s1ons ), may then depend on 1n which RAT the user plane 1s
currently connected.

According to some aspects, the wireless device performs
S3 measurements in accordance with the selected measure-
ment report settings. Alternatively, the measurements are
performed independent on the measurement report settings.
It 1s also possible that the measurements are already per-
formed and that the measurement report settings only aflects
the reporting.

The method further comprises the step of reporting, S4,
measurements 1n accordance with the selected measurement
report setting, to the radio network node.

Different ways of selecting the different or relaxed set-
tings will now be discussed. The selecting S2 typically
involves applying rules 1n order to determine when to apply
the first and fturther measurement report settings. According
to some aspects, the received information comprises rules
defining when to apply the first and further measurement
report settings. Hence, according to some aspects, the
method comprises recerving S15 information defining rules
defining when to apply the further measurement report
settings. It 1s also possible that the rules are predefined 1n the
wireless devices. Then the method comprises obtaiming Slc
the rules e.g. from a memory. The rules may also be
broadcasted or in any other way made available to the
wireless devices.

A UE 1s for example configured by the network with two
or more measurement reporting configurations, where one
configuration 1s the active configuration. The UE could then
be configured to autonomously change the active configu-
ration to another configuration when entering and/or leaving
dual connectivity mode.

Other ways to configure the UE with more or less “semi-
autonomous” selection or adaptation of measurement report-
ing configuration include letting the UE take dynamic con-
ditions 1nto account. For instance, the UE may be configured
with two measurement reporting configurations, €.g. one
relaxed and one non-relaxed and the choice of which to use.
Below follow examples of conditions that the UE may take
into account. The rules may define which conditions to take
into account.

In one example, 11 measurements indicate that the UE 1s
close to or approaching a cell border, one (relaxed) mea-
surement reporting configuration 1s used, otherwise another
(non-relaxed) measurement reporting configuration 1s used.

In another example, 1f the UE 1s moving with a speed
above a certain threshold (which may be detected e.g.
through GPS measurements), one (e.g. non-relaxed) mea-
surement reporting configuration 1s used, while another (e.g.
relaxed) measurement reporting configuration i1s used in
conjunction with lower speeds.

In a further example the timing advance the UE 1s
configured with may be used to control selection of mea-
surement configuration to use. For instance, if the timing
advance 1s above a certain threshold, the UE uses one (e.g.
non-relaxed) measurement configuration, while another
(e.g. relaxed) measurement configuration 1s used when the
timing advance 1s smaller. The rationale for this may be e.g.
that eNodeB 1s aware (through configuration or experience
from seli-learning) of the size of the cell (of which the
maximum timing advance may be a measure) and thus may
configure the UE to use the timing advance as a means to
detect closeness to the cell border and consequent choice of
measurement reporting configuration.

In another example, the required UE transmission power
may be a parameter that controls which measurement report-
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ing configuration to use. For instance, the eNodeB may
configure the UE to use one (e.g. non-relaxed) measurement
reporting configuration when the required UE transmission
power 1s above a certain threshold (or alternatively, when the
UE power headroom 1s below a certain threshold), while
another (e.g. relaxed) measurement reporting configuration
1s used when the required UE transmission power 1s below
a certain threshold (or alternatively, when the UE power
headroom 1s above a certain threshold).

In a last example, the eNodeB can include definitions of
one or more geographical areas 1n the measurement report-
ing configurations, such that the UE selects the measurement
reporting configuration to use based on presence or non-
presence in these areas (which may be detected e.g. through
GPS measurements). The rationale may be e.g. that the
¢NodeB historically has recorded frequent radio link failures
in certain areas and in such areas non-relaxed measurement
reporting configurations may be preferable.

The measurement reporting configuration 1s according to
some variants of this disclosure more dynamic and leaves a
greater responsibility to the UE. In other words, the same
measurement reporting configuration may be used both
when the UE 1s 1n control plane dual connectivity mode and
when 1t 1s not, but the UE would *“scale” the configuration
(e.g. scale the thresholds and/or TTT) to make 1t more
relaxed when it 1s 1n control plane dual connectivity mode.
Optionally, this scaling may be used only 1n one of the RATSs
or may be different in the two RATs. The scaling and the
scaling factor(s) to use would preferably be configured by
the eNodeB together with the other measurement reporting
configuration data, but 1t would also be possible to convey
scaling factor(s) via the broadcasted system information
(e.g. n an LTE cell of a main eNodeB).

The solution has so far been described in relation to
handover between cells, but the concept 1s of course equally
applicable to beam switching 1n a beam forming based
system as discussed under the heading “Beamforming and
5G Mobility concepts™ above.

This variant of the proposed technique comprises the
same steps as discussed above. However, the multiple radio
links correspond to different beams instead of to different
cells belonging to diflerent radio network nodes 20.

In one example embodiment, upon the detection or trig-
gering ol RRC diversity (1.e. dual/multi connectivity mode)
from multiple beams (from the same node) thresholds for the
activation of mobility reference symbols (IMRS) 1n candidate
neighbor beams are adjusted to more relaxed values (1mple-
mentation relying on the flow signaling shown 1n the back-
ground).

In another example embodiment, upon the detection or
triggering of RRC diversity (1.e. dual/multi connectivity
mode) for a given UE from multiple beams (that can be from
the same node or from a different node) the number of
candidate neighbor beams can be reduced since resilience 1s
higher with RRC diversity. Therefore, fewer neighbors will
need to activate theirr MRSs and the UE would need to
measure fewer neighbors” beams.

The corresponding methods performed 1n a network node
for controlling measurement reporting, are now described
referring to FIG. 9.

The method comprises sending S12, to a wireless device,
information defining at least one further measurement report
setting for measurements 1n a control plane mult1 connec-
tivity mode; wherein the at least one further measurement
report setting corresponds to more relaxed measurement
reporting than a first measurements report setting for mea-
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surement reporting in a control plane single connectivity
mode, which 1s available to the wireless device.

More specifically, the base station can for mnstance modify
a signal strength/quality threshold that triggers a measure-
ment report as well as increase the time to trigger (TTT) that
stipulates how long the threshold trigger condition must
remain until the UE actually sends a measurement report
(1.e. 1f the threshold trigger condition 1s no longer valid when
the TTT expires the UE does not send any measurement
report). The base station may also reduce the number of
measurement objects to be reported. If a UE 1s configured to
send periodic measurement reports, the measurement report
period can be increased. Furthermore, in the inter-frequency
and/or iter-RAT case the base station can configure less
frequent measurement gaps. The reconfiguration may be
performed with the regular measurement report configura-
tion means, €.g. using an RRCConnectionReconfiguration
message.

According to some aspects, the method comprises receiv-
ing S13 measurements 1n accordance with the measurement
report settings.

According to some aspects, the method comprises using
the measurements for handover selection or beam switching.

According to some aspects, the method comprises deter-
mimng S1la whether the wireless device 1s 1 the control
plane multi connectivity mode; wherein the wireless device
1s 1n the control plane multi connectivity mode when the
wireless device 1s using multiple radio links for the control
plane. Then the sending S12 implies configuring S12a the
wireless device with the one or more further measurement

report settings for use when reporting S13 measurements,
based on the determination.

Stated differently, the base station maintaining the RRC
context (e.g. an eNode) may configure the UE with relaxed
measurement reporting configuration when the user plane 1s
connected via 535G RAN, but not when the user plane 1is
connected via LTE (1.e. the base station would reconfigure
the UE after each RAT switch for the user plane). The
rationale for this behavior would be that when connected via
LTE, 1t 1s desirable to switch as soon as possible to the higher
throughput of 5SG RAN and hence 1t should be avoided to
risk delaying a handover because of relaxed measurement
reporting configuration. When connected via 3G RAN the
situation 1s the opposite and therefor the benefits of relaxed
measurement reporting configuration takes the upper hand.
The base station of course has the option to configure a UE
with the same, or similar, measurement reporting configu-
ration, either relaxed or non-relaxed, for both RATsS.

In another embodiment, the information defines one or
more scaling factors that may be applied to the first mea-
surement report setting in order to obtain the at least one
turther measurement report setting. This 1implies that, the
base station maintaining the RRC context (e.g. an eNode)
may configure the UE with two different measurement
reporting configurations simultaneously—one to be used
when the user plane 1s connected via LTE and another to be
used when the user plane 1s connected via 5G RAN. The two
configurations may be similar or different, ¢.g. a relaxed
configuration to be used when connected via 3G RAN and
a non-relaxed configuration to be used when connected via
LTE. A benefit of this embodiment 1s that the base station
does not have to reconfigure the UE after each RAT switch
(1.e. after each handover of the user plane).

According to some aspects of this embodiment, the infor-
mation comprises rules defining when to apply the first and

turther measurement report settings.
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The embodiments may be varied in various ways, e.g.
such that they apply only when the UE has 1ts user plane
connected through a specific one of the two RATSs (assuming
single connectivity for the user plane). Another possible
variation, or generalization, 1s that the UE may be config-
ured with more than two measurement reporting configura-
tions to choose from based on e.g. one or more of the above
dynamic conditions and wherein these conditions may be
adapted to the presence of more than two measurement
reporting configurations, e€.g. by using multiple thresholds
instead of a single threshold. Yet another example of a
variation, or generalization, 1s that instead of selecting
between two (or more) measurement reporting configura-
tions, a single measurement reporting configuration may be
“scaled” (e.g. scaling of report triggering thresholds or TTT)
as a consequence of the dynamic parameters that are used
above to create dynamic conditions. For instance, report
triggering thresholds and/or TTT may be scaled by a scaling
factor derived from the current (latest configured or used)
timing advance. Different dynamic conditions may also be
used 1n various combinations to form more complex con-
ditions for selection or adaptation of measurement reporting
configuration.

The decision whether to apply relaxed settings may be
based on at least one further criterion. For example, accord-
ing to another aspect of this disclosure the presence of
control plane dual connectivity 1s leveraged in a slightly
different way in conjunction with measurement reporting
configuration. In this embodiment the measurement report-
ing configuration may be relaxed by making a measurement
report trigger condition a combination of conditions for the
respective RATSs. The purpose 1s to monitor the probability
that control plane measurements can be conveyed through
the combined dual connectivity legs. This means that poorer
than usual channel qualities can be tolerated, because the
chance of getting a message successiully across may still be
sufliciently good for the combination of the dual connectiv-
ity legs. The trigger condition may for instance be formu-
lated as an algorithm or formula, which takes channel
quality related parameters from both radio channels into
account (e.g. including the sum of received powers or the
sum of SINR wvalues or non-linear formulas or logical
expressions mvolving such parameters, etc.).

Example Node Configuration

FIG. 10a illustrates an example wireless device 10,
according to some of the example embodiments, wherein the
wireless device 1s configured for reporting measurements.

As shown 1n FIG. 10qa, the wireless device 10 according
to some aspects comprise a radio communication interface
11 configured to receive and transmit any form of commu-
nications or control signals within a network. It should be
appreciated that the radio communication interface 11 may
be comprised as any number of transceiving, receiving,
and/or transmitting units or circuitry. It should further be
appreciated that the radio communication mterface 11 may
be i the form of any input/output communications port
known 1n the art. The radio communication interface 11 may
comprise RF circuitry and baseband processing circuitry
(not shown).

The wireless device 10 may further comprise at least one
memory unit or circuitry 13 that may be 1n commumnication
with the radio communication interface 11. The memory 13
may be configured to store received or transmitted data
and/or executable program instructions. The memory 13
may also be configured to store any form of beam-forming
information, reference signals, and/or feedback data or
information. The memory 13 may be any suitable type of
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computer readable memory and may be of volatile and/or
non-volatile type. According to some aspects, the disclosure
relates to a computer program comprising computer pro-
gram code which, when executed 1n a first wireless device,
causes the first wireless device to execute any aspect of the
example node operations described above.

The wireless device 10 may further comprise processing,
circuitry 12 which may be configured to cause the wireless
device 10 to receive, from a radio network node, information
defining at least one further measurement report setting for
measurement reporting 1n a control plane multi connectivity
mode; wherein the at least one further measurement report
setting corresponds to more relaxed measurement reporting
than a first measurement report setting for measurement
reporting 1n a control plane single connectivity mode, which
1s available to the wireless device. The processing circuitry
12 1s further configured to select one of the first and further
measurement report settings based on a determination of a
control plane connectivity mode of the wireless device,
wherein the wireless device 1s 1n the control plane multi
connectivity mode when the wireless device 1s using mul-
tiple radio links for the control plane and to report, to the
radio network node, measurements in accordance with the
selected measurement report setting.

According to some aspects, the selecting S2 1s based on
at least one further criterion. According to some aspects, the
turther criterion comprises at least one of the following
parameters: a distance to cell border, speed, timing advance,
transmission power, geographical location and Radio Access
Technology. According to some aspects, more relaxed
implies requiring less time, less power consumption, less
radio resources or less hardware resources.

The processing circuitry 12 may be any suitable type of
computation unit, €.g. a microprocessor, digital signal pro-
cessor, DSP, field programmable gate array, FPGA, or
application specific itegrated circuit, ASIC, or any other
form of circuitry. It should be appreciated that the processing
circuitry need not be provided as a single unit but may be
provided as any number of units or circuitry.

According to some aspects the processing circuitry 12
comprises modules configured to perform the methods
described above. The modules are implemented in hardware
or 1n software or 1n a combination thereof. The modules are
according to one aspect implemented as a computer program
stored 1n a memory 13 which run on the processing circuitry
12.

Hence, according to some aspects, the processing cir-
cuitry 12 comprises a receiver module 121 configured to
receive, from a radio network node, information defining at
least one further measurement report setting for measure-
ment reporting in a control plane multi connectivity mode;
wherein the at least one further measurement report setting,
corresponds to more relaxed measurement reporting than a
first measurement report setting for measurement reporting
in a control plane single connectivity mode, which 1s avail-
able to the wireless device. The processing circuitry 12
turther comprises a selecting module 122 configured to
select one of the first and further measurement report
settings based on a determination of a control plane con-
nectivity mode of the wireless device, wherein the wireless
device 1s 1n the control plane multi connectivity mode when
the wireless device 1s using multiple radio links for the
control plane. According to some aspects the processing
circuitry also comprises a measuring module 123 configured
to perform measurements 1n accordance with the selected
measurement report settings. The processing circuitry also
comprises a reporting module 124 configured and to report,
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to the radio network node, measurements 1n accordance with
the selected measurement report setting.

Within the context of this disclosure, the terms “wireless
terminal”™ or “wireless device” encompass any device which
1s able to communicate wirelessly with another device, as
well as, optionally, with an access node of a wireless
network, by transmitting and/or receiving wireless signals.
Thus, the term “wireless device” encompasses, but 1s not
limited to: a user equipment, e.g. an LTE UE, a mobile
terminal, a stationary or mobile wireless device for machine-
to-machine communication, an integrated or embedded
wireless card, an externally plugged in wireless card, a
dongle etc. Throughout this disclosure, the term “user equip-
ment” 1s sometimes used to exemplily various embodi-
ments. However, this should not be construed as limiting, as
the concepts 1llustrated herein are equally applicable to other
wireless devices. Hence, whenever a “user equipment™ or
“UE” 1s referred to 1n this disclosure, this should be under-
stood as encompassing any wireless device as defined
above.

FIG. 1056 1llustrates an example network node 20a, con-
figured for controlling measurement reporting of a wireless
device, according to some of the example embodiments. The
radio network node 20 1s typically a radio network node or
base station, such as an eNodeB 1n L'TFE. The radio network
node 20 comprises communication interface 21 configured
for communication with a wireless device 10. The commu-
nication interface 21 comprises a radio communication
interface 21a and a network communication interface 215.
The radio network node 20 further comprises a memory 23
and processing circuitry 22.

The radio communication 1nterface 21a 1s configured for
communication with wireless devices within reach of the
radio network node over a radio communication technology.
The network communication nterface 215 1s configured for
communication with other network nodes. This communi-
cation 1s often wired e.g. using fiber. However, 1t may as well
be wireless. The connection between network nodes 1s
generally referred to as the backhaul. The controller, CTL,
or processing circuitry 22 may be constituted by any suitable
Central Processing Unit, CPU, microcontroller, Digital Sig-
nal Processor, DSP, etc. capable of executing computer
program code. The computer program may be stored 1n a
memory, MEM 23. The memory 23 can be any combination
of a Random Access Memory, and a Read Only Memory,
ROM. The memory 23 may comprise persistent storage,
which, for example, can be any single one or combination of
magnetic memory, optical memory, or solid state memory or
even remotely mounted memory.

According to some aspects, the disclosure relates to a
computer program comprising computer program code
which, when executed, causes a network node to execute the
methods described above and below.

The processing circuitry 22 1s configured to perform the
proposed methods of controlling measurement reporting
settings of a wireless device. Hence, the processing circuitry
22 1s configured to send, to a wireless device, information
defining at least one further measurement report setting for
measurements in a control plane multi connectivity mode;
wherein the at least one further measurement report setting
corresponds to more relaxed measurement reporting than a
first measurements report setting for measurement reporting
in a control plane single connectivity mode, which 1s avail-
able to the wireless device. According to some aspects, the
information comprises rules defining when to apply the first
in step and further measurement report settings. According
to some aspects, the information defines one or more scaling
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factors that may be applied to the first measurement report
setting 1n order to obtain the at least one further measure-
ment report setting.

According to some aspects the processing circuitry 22
comprises modules configured to perform the methods
described above. The modules are implemented 1n hardware
or 1n software or 1n a combination thereot. The modules 224,
22b are according to one aspect implemented as a computer
program stored in a memory 23 which run on the processing,
circuitry 22.

According to some aspects, the processing circuitry 22
comprises a determining module 22a, configured determine
whether the wireless device 1s 1n the control plane multi
connectivity mode; wherein the wireless device 1s 1n the
control plane multi connectivity mode when the wireless
device has multiple radio links for the control plane con-
nection.

According to some aspects, the processing circuitry 22
comprises a sender module 225, configured to send, to a
wireless device, information defining at least one further
measurement report setting for measurements 1 a control
plane multi connectivity mode; wherein the at least one
tfurther measurement report setting corresponds to more
relaxed measurement reporting than a first measurements
report setting for measurement reporting i a control plane
single connectivity mode, which 1s available to the wireless
device.

The 1nvention claimed 1s:
1. A method, performed in a wireless device 1n a wireless
communication system, for reporting measurements for
radio links 1n the wireless communication system that are
candidates for serving the wireless device, the method
comprising;
receiving, from a radio network node, information defin-
ing first and second measurement report settings, the
second measurement report setting being more relaxed
in comparison to the first measurement report setting;

selecting the first measurement report setting responsive
to determining that the wireless device has a single
control plane connection to the wireless communica-
tion system;

selecting the second measurement report setting respon-

s1ve 1o:

determining that the wireless device has two or more
control plane connections to the wireless communi-
cation system; and

further determining that the wireless device 1s not
operating under one or more defined conditions that
trigger use of the first measurement report setting;
and

reporting, to the radio network node, measurements 1n

accordance with the selected measurement report set-
ting.

2. The method according to claim 1, comprising perform-
ing measurements 1n accordance with the selected measure-
ment report setting.

3. The method according to claim 1, wherein further
determining that the wireless device 1s not operating under
one or more defined conditions that trigger use of the first
measurement report setting comprises determining at least
one of:
that the wireless device 1s not operating at a cell edge;
that a speed of the wireless device 1s not above a defined

speed threshold;
that a transmission power of the wireless device 1s not

above a defined transmission power threshold;
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that the wireless device 1s not operating in an area
associated with a high incidence of radio link failure;
and

that the two or more control plane connections do not

involve different radio frequencies or different radio
access technologies.

4. The method according to claim 1, wherein, as com-
pared to the first reporting setting, the second reporting
setting requires at least one of: less time, less power con-
sumption, fewer radio resources, and fewer hardware
resources.

5. The method according to claim 1, further comprising,
receiving one or more criteria from the wireless communi-
cation system defining the one or more conditions that
trigger use of the first measurement report setting.

6. The method according to claim 1, wherein the two or
more control plane connections correspond to different cells
or beams.

7. The method according to claim 1, wherein the two or
more control plane connections comprise two or more Radio
Resource Control (RRC) protocol connections.

8. The method according to claim 1, wherein the mea-
surements indicate at least one of signal level and signal
quality.

9. The method according to claim 1, wherein the infor-
mation defines one or more scaling factors, and wherein the
method further comprises the wireless device deriving the
second reporting setting by applying the one or more scaling
factors to the first reporting setting.

10. A wireless device comprising:

transceiver circuitry configured to send and receive sig-

nals 1 a wireless communication network, including
receiving signals for radio links that are candidates for
serving the wireless device; and

processing circuitry configured to:

receive, from a radio network node in the wireless com-

munication system, information defining first and sec-
ond measurement report settings to use for making
measurements on radio links that are candidates for
serving the wireless device, the second measurement
report setting being more relaxed 1n comparison to the
first measurement report setting;
select the first measurement report setting responsive to
determining that the wireless device has a single
control plane connection to the wireless communi-
cation system;
select the second measurement report setting respon-
s1ve to:
determining that the wireless device has two or more
control plane connections to the wireless commu-
nication system; and
turther determining that the wireless device 1s not
operating under one or more defined conditions
that trigger use of the first measurement report
setting; and

report, to the radio network node, measurements 1n accor-

dance with the selected measurement report setting.

11. The wireless device according to claim 10, wherein
the processing circuitry 1s configured to perform measure-
ments 1n accordance with the selected measurement report
setting.

12. The wireless device according to claim 10, wherein
the processing circuitry 1s configured to determine that the
wireless device 1s not operating under one or more defined
conditions that trigger use of the first measurement report
setting based on being configured to determine at least one

of:
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that the wireless device 1s not operating at a cell edge;
that the wireless device 1s not above a defined speed
threshold;

that the wireless device 1s not above a defined transmis-

sion power threshold;

that the wireless device i1s not operating 1 an area

associated with a high imncidence of radio link failure;
and

that the two or more control plane connections do not

involve different radio frequencies or different radio
access technologies.

13. A method, performed 1n a radio network node con-
figured for operation in a wireless communication system,
for controlling measurement reporting of measurements
made by a wireless device for radio links that are candidates
for serving the wireless device, the method comprising:

defiming one or more conditions that trigger reporting by

the wireless device according to a first measurement
setting that 1s less relaxed than a second measurement
setting;

sending, to the wireless device, mformation defining the
first and second measurement reporting settings, the
first measurement report setting to be used by the
wireless device when the wireless device does not have
two or more control plane connections to the wireless
communication system, and the second measurement
report setting to be used by the wireless device when 1t
has two or more control plane connections to the
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wireless communication system and 1s not operating
under the one or more conditions that trigger use of the
first measurement setting by the wireless device.

14. A radio network node comprising:

transceiver circuitry configured to wirelessly communi-
cate with a wireless device; and

processing circuitry configured to:
define one or more conditions that trigger reporting by
the wireless device according to a first measurement
setting that 1s less relaxed than a second measure-
ment setting, said first and second measurement
settings controlling reporting of measurements made
by the wireless device regarding radio links that are
candidates for serving the wireless device; and
send, to the wireless device, information defining the

first and second measurement reporting settings, the
first measurement report setting to be used by the
wireless device when the wireless device does not
have two or more control plane connections to the
wireless communication system, and the second
measurement report setting to be used by the wire-
less device when 1t has two or more control plane
connections to the wireless communication system
and 1s not operating under the one or more conditions

that trigger use of the first measurement setting by

the wireless device.
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